for P values). n=200 mEPSCs per neuron, dSPN WT n=7 neurons from 7 mice, dSPN KO n=6 neurons from 6 mice, iSPN WT n=10 neurons from 8 mice, iSPN KO n=11 neurons from 7 mice. (D) Example images of dendritic spines from Tsc1 WT and KO dSPNs, filled with neurobiotin through a patch pipet. (E) Quantification of proximal (50 µm from the soma) and distal (100 µm from the soma) dendritic spine density in Tsc1 WT and KO dSPNs. Data are represented as mean +/-SEM; dots display the average spine density for individual neurons. dSPN WT proximal n=4 neurons (8 dendrites) from 4 mice, dSPN KO proximal n=6 neurons (12 dendrites) from 4 mice, dSPN WT distal n=4 neurons (8 dendrites) from 4 mice, dSPN KO distal n=6 neurons (12 dendrites) from 4 mice. See Table S4 for P values. 
Supplemental Experimental Procedures
Mouse lines Animal experiments were performed in accordance with protocols approved by the University of California, Berkeley's Animal Care and Use Committee. Male and female mice were used for all experiments. The ages used are indicated below for each experiment. All D2-GFP and D1-tdTomato mice used for experiments were hemizygous for the BAC transgene to avoid potential physiological or behavioral alterations (Kramer et al., 2011 , Chan et al., 2012 , Nelson et al., 2012 .
The following mouse lines were used: ;D1-tdTomato mice, respectively. Injections were made at A/P +0.7 mm, M/L +1.65 mm, D/V -2.4 mm relative to bregma at a rate of 100 nl/min. Cre virus was diluted 20-30 times in sterile saline to achieve sparse transduction. Mice were used for experiments 11-15 days after Cre virus injection at P25-31.
Mouse line
For the oIPSC experiments, 800 nl of an AAV serotype 5, Flp-dependent Ef1a promoter-driven ChR2-EYFP virus (Fenno et al., 2014) was injected unilaterally into the dorsolateral striatum of P15-17 Tsc1;D1-tdTomato;Pvalb-2A-FlpO-D mice, followed by injection of AAV-Cre-GFP at P34-37. For oAP experiments, Tsc1 fl/fl ;D1-tdTomato;Thy1-ChR2-YFP mice were injected with AAV5-Cre-GFP into the dorsolateral striatum at P20-27. For oEPSP experiments, neonatal mice (P0-3) were briefly cryo-anesthetized and placed in a head mold. 200 nl of AAV serotype 5, CAG promoter-driven ChR2-mCherry virus (Penn Vector Core, diluted 1:2) was injected at 200 nl/min unilaterally at three different cortical or thalamic sites. To target the cortex, injections were made halfway between bregma and lambda with three injections made between 0 and 1.5 mm from the sagittal suture, 0.5 mm down from the surface of the head. To target the thalamus, the injections were made approximately 1 mm anterior to lambda with the injection sites -1 to 1 mm from the sagittal suture, 3 mm down from the surface of the head. At P14-16, AAV5-Cre-GFP virus was injected into the dorsolateral striatum as described above. Injection sites were verified post-hoc by fluorophore expression. Immunohistochemistry P25-31 mice were perfused transcardially with 1× PBS and 4% paraformaldehyde. Brains were post-fixed in 4% paraformaldehyde overnight and sectioned at 30 μm. Sections were blocked for 1 h at room temperature (RT) in BlockAid (Thermo Fisher Scientific) and incubated overnight at 4°C with antibodies against phosphorylated (Ser240/244) S6 ribosomal protein (1:800, Cell Signaling Technology, catalog # 5364S), GFP (1:5000, Abcam, catalog # ab13970) and NeuN (1:800, Millipore, catalog # MAB377). The following day, sections were washed and incubated for 1 h at RT with Alexa Fluor 633-, 488-, and 405-conjugated secondary antibodies (1:500, Invitrogen, catalog #'s A-21070, A11039, and A-31553). Sections were mounted onto slides using ProLong Gold antifade reagent (Invitrogen).
Imaging and analysis Z-stack images were taken on a confocal microscope (Olympus Fluoview FV1000) with a 20x objective using the same exposure and acquisition settings for each section. To quantify p-S6 levels and soma volume, regions of interest (ROIs) were automatically generated in Imaris software based on the NeuN or D2-GFP signal. The mean p-S6 fluorescence intensity per ROI and average soma volume were calculated using Imaris. iSPNs were identified based on the expression of D2-GFP, unlabeled neurons with medium sized soma were considered dSPNs.
Morphology reconstruction For anatomical reconstruction, 4 mg/ml neurobiotin was included in the internal solution during whole-cell recordings. Slices were recovered and fixed in 4% paraformaldehyde for 24-48 h. After three washes in PBS, slices were reacted with 1:750 streptavidinAlexaFluor 633 (Invitrogen) in 2.5% Triton-X prepared in PBS for 1 h at RT in the dark. Sections were then washed and coverslipped using ProLong Gold antifade reagent. Z-stack images were taken on a confocal microscope (Olympus Fluoview FV1000) with a 20x objective using the same exposure and acquisition settings for each section. Dendrite arborization was quantified using 3D Sholl analysis in Imaris software. For dendritic spine analysis, proximal (50 µm from soma) and distal (100 µm from soma) dendrites were imaged on a Zeiss LSM 880 NLO AxioExaminer with Airyscan. Dendrites and spines were reconstructed in three dimensions and analyzed in Imaris.
